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SYSTEM FOR TRANSLATING TO AND FROM SINGLE 
ERROR CORRECTION-DOUBLE ERROR DETECTION 

IIAMMING CODE AND BYTE PARITY CODE 

BACKGROUND OF THE INVENTION 

For many years the computer industry has relied upon on 
the now familiar three dimensional random access magnetic 
core type of memory as its high speed working storage. In 
herent with these memories and their manufacturing 
processes was a high degree of reliability. In other words, it 
would be very rare for a core memory to come out of the 
manufacturing process that was not ‘essentially 100 percent 
usable. This is due to a number of factors. The primary factor 
is that each individual bit storage location or core is separately 
testable before it is assembled into the ?nal memory. 

Thus, individual bit failures in magnetic core memories are 
somewhat unusual. The type of failures that normally occur in 
this sort of a memory will affect a complete plane row or 
column of the memory due usually to some wiring or driver 
breakdown. This obviously necessitates a complete manufac 
ture or ?x of the memory. 
However, with the advent of newer extremely high speed 

solid state memories generally referred to as the large scale in 
tegrated circuit memories, it is not normally possible to in 
spect individual bit storage locations as they are generally 
made on either a plane or a complete three dimensional entity 
basis. Thus it is intrinsic in the manufacturing process that 
such a memory can normally not be tested until it is complete 
ly fabricated and assembled. It is accordingly not possible to 
monitor the manufacturing process of such memories on a 
step by step basis but the ?nal testing must literally be delayed 
until well along in the manufacturing process. That is to say 
that it is not possible to cast out individual bit storage loca 
tions. it may thus be readily seen that it is desirable to have 
some way of tolerating a certain percentage of failure in this 
type of a memory. One way of avoiding bad storage locations 
is of course mapping around said storage locations as is well 
known but this requires great amounts of hardware and pro 
gramming e?ort on the part of the overall system supervisor in 
assigning storage locations to tasks. However, this is the 
technique that must be resorted to in the case of massive er 
rors in such a memory where a large section is rendered 
unusable. However, another possible way of avoiding, for ex 
ample, errors in a memory word is the use of error correcting 
codes such as those of Hamming wherein extra bits are pro 
vided with a data word and by logically combining the data 
bits with the extra or check bits. It may be determined whether 
or not a data word read out is erroneous and if the errors de 
tected can be corrected within the capabilities of the code. 
The coding techniques of Hamming have been known and 
used widely in the communications industry for many years. 
However, such error detection and correction has seen rather 
limited use in the computer ?eld due to the expense both in 
terms of providing extra bit storage in the computer memories 
and also in the rather large quantities of additional logical cir 
cuitry which has been necessary in the past to effect the neces 
sary error detection and correction. 

It should be noted that in a computer system when data is 
being transferred from the various portions of the computer 
such as the various short term registers, computational cir 
cuits, etc., parity checking is used to check for the correctness 
of data. Whenever a parity error is detected, a signal is pro 
vided and a retry or retransmission of the data is called for and 
in the great majority of cases, this will provide correct infor 
' ‘.ation. However, in the case of memories, where an error is 
normally not due to circuit transients as in the former case, 
parity checking would obviously provide an error indication 
but since most memory failures are hard failures, there is no 
way of identifying the exact bit failure location with parity 
checking techniques. It is for the reasons that some error cor 
recting code such as Hamming codes must be utilized if some 
form of error correction is to be obtained. However, as stated 
before the majority of error correction schemes known- in the 
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computer industry have required excessive and expensive 
quantities of logical circuitry. Also, in most prior art schemes 
separate parity generators had to be used in addition to the 
error detection and correction circuitry to parity and code 
data being transmitted from a memory to some other location 
in the system. Additionally, Hamming encoding circuitry had 
to be provided to generate the necessary error correcting 
check bits to be stored in memory with each new data word 
being written therein. Thus, it may readily been seen that the 
provision of both error detection and correction circuitry plus 
the various parity encoding and decoding circuits totally com 
prise large quantities of logical circuitry which in the past have 
all been separate units. 

For the previously stated reasons, error detection and cor 
rection circuitry has been provided in the past only in ex 
tremely expensive, highly reliable computer systems where the 
user was willing to pay the high price necessary to obtain 
desired error detection and correction together with more 
conventional parity checking features both in the memory and 
elsewhere in the system. 

SUMMARY AND OBJECTS 

It has now been found that a very versatile error detection 
and data translation circuit may be provided for use with com 

- puter storage elements or memories and which is especially 
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adaptable for use with large scale integrated memories 
wherein the features of error detection and correction may be 
combined with parity checking and error generation in a set of 
highly versatile multifunction circuits. The circuitry of the 
present invention performs both a data translation function 
and an error detection and correction function. By data trans 
lation is meant converting from parity encoded data into 
Hamming coded or check bit coded data on a memory write 
cycle. Conversely, check bit coded data is converted by the 
same circuitry into parity encoded data on a memory read cy 
cle. In addition, essentially in parallel with the parity encoding 
operation error detection is accomplished. While a certain 
amount of additional circuitry is obviously required to accom 
plish these functions, the circuit duality or multifunction capa 
bilities keep the total amount of circuitry well below what has 
been utilized in the past wherein separate circuits had to be 
provided for each of the above-named functions. 

It is thus a primary object of the present invention to pro 
vide a versatile multifunction error detection circuit. 

It is a further object to provide such a circuit which 
produces the necessary syndrome bits for error correction 
when a single data error is detected. 

It is a still further object to provide such a circuit capable of 
transforming from a parity encoded data format to a single 
error correction-double error detection (SEC/DED) coded 
data format. 

It is yet another object of the invention to provide such a 
circuit also capable of transforming from a SEC/DED coded 
data format into a parity encoded data format. 

It is another object to provide such a circuit capable of per 
forming both said data transformations in essentially the same 
circuit elements. 

It is a further object to provide such a circuit which signi?es 
that a data word read from memory is error free and may be 
transferred to some other element of the computing system 
without passing through any correction circuitry. 

It is a still further object to provide such a circuit which may 
selectively specify that a data word is error free, that a single 
error occurred in the check bits, that a single error is present 
in the data and a correction is required or that a double error 
has been detected and that no correction is possible. 

It is yet another object to provide such a circuit which is 
capable of performing a parity check function prior to per 
forming a memory write cycle. 
The foregoing and other objects, features and advantages of 

the invention will be apparent from the following more par 
ticular description of a preferred embodiment of the inven 
tion, as illustrated in the accompanying drawings. 






















